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urpose: To determine the clinical characteristics of somatosensory auras (SSA) and
nalyse features of seizure semiology predictive for localization in focal neocortical
nd limbic epilepsy.
ethods: This study analyses the clinical, video-EEG and MRI imaging features of 75
onsecutive patients with focal epilepsy who described somatosensory auras at
eizure onset to determine the frequency and localising value of SSAs in different
ypes of focal epilepsy. Sensory characteristics, somatotopic distribution, evolution of
he auras and subsequent ictal features in relation to MRI and EEG findings were
nalysed.
esults: The incidence of SSAs in 600 patients with focal epilepsy was 12%. Seventy-
ve patients were studied further: 77% reported tingling. Pain, thermal changes and a
ense of movement or pulling were also reported. Distal unilateral auras in the hand
nd arm (46%) were most frequent and associated with a contralateral centroparietal
ocus. Contralateral auras were reported in 62% of lesional cases, focal cortical
ysplasia was the commonest pathology in operated cases. Bilateral auras were
ssociated with more diffuse pathologies or parasagittal foci. Evolution was centri-
ugal, somatotopic and usually unilaterally confined. Subsequent motor semiology
as postural tonic, unilateral clonic, psychomotor or secondary generalized.
onclusion: SSA are highly correlated with centroparietal epilepsy but may occur in
emporal lobe, mesial frontal and multifocal epilepsy. A lesional etiology including
iscrete dysplasias, tumours, ischemic and postencephalitic gliosis is likely.
2005 BEA Trading Ltd. Published by Elsevier Ltd. All rights reserved.Introduction
Auras have been defined as subjective symptoms
experienced by patients at the onset of an epileptic
seizure. Somatosensory auras (SSAs) are specific
somatic sensations that can easily be described by1 144 4652.
5 BEA Trading Ltd. Publishedpatients and various characteristics such as type,
localization and evolution of the sensory features
and subsequent seizure manifestations may contain
valuable localising information with regard to the
seizure onset zone.
The incidence of SSA has been variably reported
to range between 1.8 and 18% in a number of
different patient populations.1,2 In more selected
patient groups with localization related epilepsy theby Elsevier Ltd. All rights reserved.
Somatosensory auras in focal epilepsy 263incidence of SSAs is much higher ranging from 25 to
73% in epilepsy with parietal foci, 16 to 40% with
frontal foci and 0.3 to 26% with temporal foci.3—10
No SSAs have been reported in occipital lobe epi-
lepsy.11 Most of these retrospective studies report
interictal EEG data and antedate modern MRI ima-
ging techniques.
Cortical regions that subserve somatic sensory
function have been well characterized with direct
cortical stimulation.12—16 The largest and somato-
topically most organized is the primary sensory area
(S1) in the postcentral gyrus, a smaller secondary
region mainly subserving facial and distal extremity
sensation has been labelled as the second sensory
area (S2) and is located in the upper bank of the
sylvian fissure. A third supplementary sensory
region (S3) located in the mesial frontal region
has a more quasi somatotopic organization which
appears not well literalised and closely co-localizes
with synergistic tonic motor function.16,17
Based on this knowledge of the functional anat-
omy of somatic sensation, the goal of this study was
to comprehensively analyse clinical semiology in
correlation with the interictal and ictal EEG and
MRI substrates to determine more specific clinically
localising features of a large group of consecutive
patients with focal epilepsy who reported SSAs at
seizure onset.Method
The patient population of 75 patients who were
studied was selected from 600 consecutive patients
undergoing intensive video EEG monitoring for drug
resistant epilepsy who reported seizures starting
with clear somatosensory symptoms.
All patients had somatic sensations including tin-
gling, numbness, less frequently pain, temperature
changes or odd dysaesthesias. Patients with purely
visceral auras and other special sensations involving
visual, auditory or limbic modalities were excluded.Table 1 shows the distribution of the aura characterist
distribution of the aura onset.
Aura features Total patients
number (N = 75)
Loca
Tingling 58 (77%) Han
Numbness 4 (5%) Arm
Cold/heat 4 (5%) Leg
Sense of movement 1 (1%) Foo
Sense of pulling 6 (8%) Face
Pain 2 (3%) Hea
DiffThe clinical data, EEG and MRI results were
reviewed and analysed retrospectively. All patients
had prolonged surface EEG monitoring with 10—20
or 10—10 electrode placement and sphenoidal elec-
trodes. Some patients went on to have invasive
evaluation with subdural grids to further localise
the area of epileptogenesis for resection. The video
documented clinical seizure semiology was analysed
with regard to the sensory character of the SSA,
somatotopic localization: unilateral, bilateral, dis-
tal, proximal, upper, lower extremity, axial in the
face, trunk and poorly localised.
The evolution of the aura was analysed to assess
the march of symptoms: in the affected extremity,
on the same side, spread to the contralateral side,
contiguous or discontiguous spread. Associated
auras involving other sensory modalities (which
were usually limbic in nature including fear, epigas-
tric sensation) were also noted. Subsequent motor
features, which were categorized as tonic postural,
unilateral tonic, clonic, generalized tonic clonic and
complex partial (psychomotor) were recorded. The
localization of the epileptic focus was based on the
interictal and electrographic seizure recording in all
patients and was grouped as: frontocentral, parie-
tal, mesial frontal, temporal and diffuse.
All patients underwent MRI imaging with T1, T2,
proton density weighted and flair images in 3 mm
contiguous cuts in axial and coronal planes and
reviewed for the presence of and localization of a
lesion in one or both hemispheres.Results
Of the selected cohort of 75 patients with SSA,
which represents 12.5% of 600 patients evaluated
for focal epilepsy from 1992 to 1997 at our centre,
28 (37%) were female, 47 (63%) male. The onset of
epilepsy ranged from the first year of life to 45 years
(mean age 8.8 years), age range at diagnostic
evaluation was 6—61 years (mean age 24.5 years).ics with regard to sensory modality and the somatic
tion of SSA Unilateral Bilateral
d 20 (27%) 7 (10%)
14 (19%) 3 (4%)
5 (7%) 3 (4%)
t 5 (5%) 5 (5%)
and head 7 (9%)
d and hand trunk 4 (5%)
use/generalized 2 (3%)
264 I.E.B. Tuxhorn
Figure 1 Somatic distribution of SSAs. Speckled bars — left, lined bars — right, blackened bars — bilateral distribution.The neurologic examination was normal in 40
patients (53%), 4 patients had a hemiparesis and 4
were lefthanded. Mild sensorimotor deficits were
seen in 21, ipsilateral to the aura in 15 patients, 10
patients had a mild monoparesis, 6 of the arm, 4 of
the leg.
SSAs types described by the patients are summar-
ized in Table 1. Tingling and numbness occurred in
82% of patients, thermal sensations, pain and a
sense of pulling made up the remainder.
Fig. 1 shows the somatotopic distribution of the
experienced sensations. Dysaesthesias in the upper
extremity were reported in 60% and in the lower
extremeties in only 25%. Axial SSAs were distributed
most frequently in the mouth and face in 19%, the
trunk in 7% and isolated in the genital region in 3%.
Unilateral extremity auras were reported in 44
patients and correlated closely with a centroparie-
tal EEG focus in 36 patients and a lesion in that
region in 30 patients.
Bilateral extremity or axial auras were reported
in 31 patients and correlated with an EEG onset in
the centroparietal region in 12 patients, the tem-
poral cortex in 6, vertex in 7 and diffuse foci in 6
patients (Tables 1 and 3).Table 2 shows the clinical evolution pattern of SSAs in 37 p
SSA evolution Patient number (N = 37)
Arm and shoulder only 17 (46%)
Leg only 4 (12%)
One side of body 9 (24%)
Rises into trunk 5 (14%)
Contralateral arm/leg 1 (2%)
Arm only to tongue 1 (2%)
a Secondarily generalized tonic clonic seizures only occurred afteLesions were demonstrated by MRI in 63 (84%)
patients and in 51 patients who underwent surgical
resection themost frequent lesion was focal cortical
dysplasia in 20 (39%), followed by infarcts and
tumours (Table 5).
The SSA remained localised without march in 38
patients and was followed directly by a motor
pattern as shown in Table 2. Postural tonic and
psychomotor seizures occurred in 30% of the
patients, unilateral tonic seizures were seen in
only 6% but correlated closely with the SSA in
the upper extremity and a contralateral central
parietal focus. Negative motor features were also
seen in 6% but were not highly associated with a
localised onset and were seen in a number of
patients with diffuse or hemispheric lesions. Gen-
eralisation with tonic clonic motor features
occurred in 17% (all patients had reduction of drugs
to provoke seizures) but only after one of the other
motor patterns had manifested. The SSA evolved in
37 patients with a march in the upper extremity in
46%, leg in 12%, hemicorporal spread in 24% while
truncal spread occurred in 14% but contralateral
spread over the midline was rare and only seen in
2% (Table 2).atients and subsequent symptomatology in all patients.
Motor patterns Patient number (N = 75)
Unilateral tonic 5 (6%)
Postural tonic 23 (30%)
Unilateral clonic 17 (22%)
Secondary GTCa 13 (17%)
Psychomotor 22 (29%)
Hypermotor 2 (2%)
Negative motor 5 (6%)
Version 1 (1%)
r one of the other motor patterns had manifested.
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Table 3 EEG and MRI localisation of focus in 75 patients with SSA.
Frontocentral Parietal Temporal Nonlocalized Vertex Operculum
Seizure onset zone (N = 75) 17 (22%) 24 (32%) 10 (13%) 15 (20%) 5 (6%) 4 (5%)
Lesional zone (N = 63) 11 (15%) 22 (30%) 10 (13%) 4 (5%) 4 (5%)
Multilobar lesions 12 (16%)
Sixty-three patients had lesions on MRI scan, only 12 patients were nonlesional.
Table 4 Lateralising value of SSA in all patients and 51
with unilateral lesions (12 additional patients had
diffuse lesions).
Features Patients
(N = 75)
Lesions
(N = 51)
Contralateral SSA 39 (52%) 32
Nonlateralizing SSA 32 (43%) 17
Ipsilateral SSA 4 (5%) 2
Table 5 Histology of lesions in 51 patients who had
epilepsy surgery.
Pathology of resected
lesions
Number of patients
(N = 51)
Focal cortical dysplasia 20 (39%)
Tumour 7 (13%)
Infarct 13 (25%)
Posttraumatic 1 (2%)
Postencephalitic 2 (4%)
Angioma 2 (4%)
Hippocampal sclerosis 6 (13%)The correlations of the EEG and MRI lesions and
the lateralising value of the auras in patients with
well defined lesions are shown in Tables 3 and 4.
One third of the patients had EEG and MRI findings
congruent with parietal lobe epilepsy and 22% had a
focus arising more anteriorly from the frontocentral
region (Table 3).
Over 80% had distal auras contralateral to the
lesion and the EEG focus (Tables 1, 3 and 4) while
only a small number had bilateral extremity auras (3
frontocentral, 5 parietal). Unilateral tonic and tonic
clonic motor features were highly literalising to the
contralateral hemisphere and seen in about 30% of
each patient group.
Four patients had opercular lesions 3 localized in
the left frontal operculum and one in the right
frontal insular cortex (histology revealed FCD in 3
and angioma in one patient). All had SSAs in the
contralateral upper extremity. The auras were cir-
cumscribed: simultaneous tingling in arm and ton-
gue, in the contralateral hand with arm spread in
two and elbow in one with a gustatory aura. The
subsequent motor features in all four patients with
opercular lesions and EEG seizure onset consisted of
clonic arm movements and focal tonic arm contrac-
tion in the contralateral extremity.
Five percent had mesial frontal lobe epilepsy
with lesions in the mesial frontal cortex and SSA
localised to the contralateral arm or leg.
Thirteen percent (N10) had foci in the temporal
lobe. Eight patients had mesial temporal lobe epi-
lepsy with hippocampal sclerosis and two patients
had temporal neocortical epilepsy associated with
benign tumours. The predominant seizure type fol-
lowing the SSA was psychomotor in these cases with
secondary generalized tonic clonic seizures in 4
patients. The auras were axial in 6 patients (3 face
and tongue, once over the abdomen and vaginalarea, once a sensation of coldness over the back and
trunk) and in a distal extremity in 4 (hands in 3, foot
in 1 ipsilateral to focus and lesion in 3 patients).
Concurrent limbic or experiential auras such as fear,
de´ja` vu and epigastric sensations were reported in 7
of the 10 patients.
In approximately 20% the surface EEG was not
well localised for the area of seizure onset and all
together 16% of patients had diffuse lesions which
included bilateral band heterotopias, porencephaly,
hemiatrophy, posterior watershed infarction with
gliosis and atrophy in both parietal regions.
Fifty-one patients had epilepsy surgery following
monitoring. The commonest pathology was focal
cortical dysplasia in 39%, benign tumours, infarcts
in 25% and hippocampal sclerosis in 13% (Table 5).
Seizure outcome postoperatively was variable and
dependent on the etiology and completeness of
lesion removal: 70% were seizure free if the lesion
and focus was removed.Discussion
In our study somatosensory auras were reported in
12.5% (75) of 600 consecutive patients with focal
epilepsy who were evaluated with video EEG mon-
itoring for epilepsy surgery assessment.
In early patient series of Lennox and Gowers
somatosensory features were described in 8—18%
of patients who had auras.1,2 A much lower inci-
dence of 1.4% was found by Mauguiere who reported
detailed findings of 127 patients that were selected
from 8938 epilepsy patients over a 10-year period.4
Studying the initial seizure phenomenon in 222
266 I.E.B. Tuxhornpatients with focal epilepsy Penfield and Kristiansen
noted that sensorimotor seizures which occurred in
one quarter of their patients with auras were closely
associated with foci in the rolandic region.3 In their
extensive electrical stimulation studies and cortical
recordings of spontaneous and stimulation induced
seizures they differentiated somatosensory seizures
from autonomic visceral sensations and defined
somatic sensory seizures arising form the rolandic,
second sensory and supplementary sensorimotor
cortex.12,13,18,19
In our series of 75 patients studied with interictal
and ictal surface EEG 32% had parietal foci, 22% had
more anterior foci in the frontocentral region, 13%
had temporal foci while in 20% the focus did not
localize well on the EEG, 6% had vertex foci and 5%
had opercular foci.
A number of studies have looked at the correla-
tion of SSAs in patients with more or less well
defined epileptic foci in different brain regions
confirming a high incidence of SSAs in parietal lobe
epilepsy ranging between 25 and 73%, frontal lobe
epilepsy in 16 and 40% and temporal lobe epilepsy
between 0.3 and 26%.3—9,11 SSAs have not been
reported in occipital lobe epilepsy.11
None of our patients had isolated SSA as the only
seizure type. This has only rarely been reported in 9
of a series of 130 patients20 and the problem of pure
sensory seizures mimicking psychogenic functional
disorders and pseudoseizures has been reported
on.21 The differential diagnosis may be quite diffi-
cult if one considers that simple partial seizures are
only associated with ictal EEG changes in 21% of
patients.20—22
The SSA was lateralised to the contralateral
extremity in 52% of our patients, nonlateralised in
43% and ipsilateral to the focus (all were temporal
lobe cases) in 5% of patients. When localised lesions
were present on the MRI 32 of 51 (62%) patients had
contralateral auras and only 34% were nonlatera-
lised. This confirms a previous pre-MRI study by
Ajmone Marsan et al.7 who found contralateral SSAs
to have a high localizing value in over 96% of 57
patients with centroparietal lesional epilepsy. The
lower correlation in our series probably reflects the
higher proportion of patients with more diffuse
lesion that were included in our series.
The symptomatology of frontal and temporal lobe
epilepsy may show a significant overlap of symp-
toms23 but the presence of contralateral SSAs in
addition to other complex partial symptomatology
is highly specific for a frontal versus a temporal
focus.24—26 An earlier cluster analysis performed
by Manford in 1996 which analysed 16 different
seizure manifestations in correlation with EEG and
imaging localisation in either the temporal or fron-tocentral area showed that only sensorimotor symp-
toms correlated consistently with a focus and
pathology in the perirolandic area.24 The somato-
sensory features seen in temporal lobe epilepsy are
most likely due to extratemporal spread of the
epileptic discharge as suggested by a stereo EEG
investigation of 50 patients in whom ictal somato-
motor and somatosensory manifestations occurred
late in the seizures once there was spread to the
frontoparietal structures.27
Four of our 10 patients with temporal foci had
ipsilateral auras suggesting spread to the second
sensory area and the remaining patients had con-
tralateral face and arm auras reported in associating
with an epigastric aura which is highly suggestive of
spread to symptomatogenic regions outside the
temporal lobe.28 Recent single well studied case
reports also support this hypothesis.29
Opercular lesions were demonstrated in the MRI
of four patients who all had contralateral SSA in the
upper extremity once with simultaneous tingling in
the tongue suggesting early activation of the lower
sensorimotor humunculus.
The commonest aura was a tingling or numb
sensation in over 82%, temperature change in 5%,
a sense of movement or pulling in 9% and a painful
aura in only 3% (2 patients). Paraesthetic seizures
have been described extensively in the literature.2—
4,7,8,30—32 These elemental dysaesthesias are the
most frequent sensory symptom (114 of 127
patients–—89.7%) reported in the well studied case
series by Mauguiere and Courjon.4 A number of
paraesthesic sensations may be described by
patients including tingling, numbness, a feeling of
pins and needles, tickling, prickling, a sensation of
something crawling under the skin or even a sensa-
tion of an electric shock.1,6,7,12,24,29—33
More elaborate sensory distortions are extremely
rare and were not reported by our patients. Both
Penfield and Jasper12 and Daly34 commented on the
rarity of somatosensory hallucinations, but somato-
sensory illusions may not be that infrequent. In Mau-
guire’s adult patient series 10% (13 patients)
described a sensation of swelling of the hands and
a sense of shrinking of a single limb or a kinaesthetic
illusion (senseofdisplacement).4Noneofourpatients
had clear sensory illusions, one patient described an
unusual sensation of water dripping onto his back.
Painful seizures were only noted in two patients,
one patient with a parasagittal lesion and focus
described pain in his feet. The other patient had a
painful hand and dysaesthesia in association with
hemispheric atrophy and an extensive area of epilep-
togenesis. Ictal pain may reflect the intensity of the
cortical discharge, involvement of neurons in the
parietal receptive fields in area 3B most likely also
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perception of a muscular contraction.35 The diagnos-
tic pitfalls of ictal pain have been described in two
case reports including a 3-year old child who had
episodes of pain in the left thigh as an initial mani-
festation of partial epilepsy which remitted with
anticonvulsant therapy.30,36 A unique patient with
painful seizures involving all four extremities, as well
as the head, followed by twitching of the lower face
implicating involvement of the second sensory area
has also been reported.30 In amore recent study of 25
patients with painful auras 50% were associated with
a contralateral perirolandic focus.37
Thermal seizures in all 4 (5%) patients in our
series were associated with parietal foci and lesions
suggesting ictal activation of a specific parietal
sensory modality. In the series by Maugiere thermal
seizures were more frequently seen in 11% of their
patients.
Pulling or a sense of movement was reported by 7
(9%) patients as a distinct aura before any motor
features were visible. Early stimulation studies sug-
gest activation of points anterior to the central
fissure.
Genital auras were noted in two patients who had
diffuse epileptic foci in associating with extensive
lesions. This does not suggest a specific localizing
value for genital auras which have been reported to
be associated with epileptogenicity in the paracen-
tral lobulus.32,33
The duration of SSAs is generally brief usually only
lasting a few seconds and none of our patients
reported prolonged dysaesthesias, however, sensory
status epilepticus has been described but must be
considered an exceptional event.12
The most frequent somatic localisation of SSAs
was noted in the upper extremity, then lower extre-
mity followed by the face region which has also been
reported in previous case series.4,32,33 The hand and
fingers were the most frequent initial site reflecting
the large cortical representation of this area.38
However, a recent case studied by invasive EEG
methods demonstrated ictal somatosensory semiol-
ogy suggestive of a second sensory seizure that arose
from the inferior parietal lobule pointing to the fact
that there is also a high degree of connectivity of the
different areas of sensory cortical representation.39
Somaesthetic spread has been studied in detail in
two large cohorts of patients with SSAs by Mauguiere
and Courjon4 and Lende and Popp.32 Most patients
report a sensory march usually in a centrifugal
pattern in a hemiesthetic distribution which was
noted in only 25% of our cases but up to 40% in
previous studies.4,32 The maximal spread of soma-
tosensory symptoms in the patients whose seizures
began only in the hands or fingers showed that theyremained localized to the upper extremity in 46% of
our patients. The spread was centrifugal, bilateral
only once and sometimes discontiguous. The pre-
dominant pattern of spread from fingers to hand and
arm rather than from hand to face which occurs
much less frequently suggests facilitation of spread
along a modular functional basis rather than by
simple contiguous spread across the sensory cortex
in keeping with animal studies of ipsilateral cortical
connexions.38 Motor features follow SSAs in nearly
50% of seizures and in our series postural tonic and
psychomotor components occurred each in 30% of
the patients. A true Jacksonianmotor march or focal
clonic movements in the body part that developed
the initial aura occurred in 20% but unilateral tonic
contraction in one extremity as a further lateralising
sign occurred in 6%.
Postural tonic seizures suggest onset or early
spread to the SSMA. The SSA arising in the SSMA
is more frequently diffuse and poorly localised and
may be difficult to differentiate from a visceral,
autonomic sensory aura as pointed out in an early
electroclinical study of a patient with epilepsy
arising from a mesial frontal tumour by Penfield.19
Synergistic tonic motor features typically occur
when the SMA is activated by a focus in the
SMA area and by seizure spread which is a
common feature of parietal lobe epilepsy.40—42 In
our series a large number of patients had psycho-
motor features after the SSA, while early version
was noted once and hypermotor features occurred
twice in patients with an anterior lesion and epi-
leptic focus.
In summary SSAs are highly correlated with an
epileptogenic zone and lesion in the centroparietal
cortex, particularly if they are well localized in the
distal extremity in association with a sensory
march.43 More diffuse somatic sensory symptoms
particularly in the axial body parts are less localizing
and most likely suggest facilitation of the other
sensory symptomatogenic zones outside S1 namely
the second sensory area or supplementary sensor-
imotor region.12,14,44
There is a high association with a lesion in the
contralateral centroparietal region and malforma-
tive lesions are frequent in addition to tumours and
infarcts.6,33 These patients should, therefore, be
referred for detailed presurgical evaluation as they
may be good candidates for resective surgery.45Acknowledgement
I thank my colleagues Dr Alois Ebner and Dr Reinhard
Schulz for contributing some of the clinical data of
their patients included in the study.
268 I.E.B. TuxhornReferences
1. Gowers WR. Epilepsy and other chronic convulsive diseases:
their causes, symptoms and treatment. 2nd ed. London: Old
Hickory Bookshop; 1901.
2. Lennox WG, Cobb S. Aura in epilepsy. Arch Neurol Psychiatry
1933;30:374—87.
3. Penfield W, Kristiansen K. Epileptic seizure patterns. Spring-
field: Charles C. Thomas; 1951.
4. Mauguiere F, Courjon J. Somatosensory epilepsy. A review of
127 cases. Brain 1978;101:307—32.
5. Palmini A, Gloor P. The localizing value of auras in partial
seizures: a prospective and retrospective study. Neurology
1992;42:801—8.
6. Cascino GD, Hulihan JF, Sharbrough FW, et al. Parietal lobe
lesional epilepsy: electroclinical correlation and operative
outcome. Epilepsia 1993;34(3):522.
7. Ajmone Marsan C, Goldhammer L. Clinical ictal patterns and
electrographic data in cases of parietal seizures of frontal—
central—parietal origin. In: Brazier M, editor. Epilepsy: its
phenomena in man. New York: Academic Press; 1973. p. 235—
58.
8. Rasmussen T. Characteristics of a pure culture of frontal lobe
epilepsy. Epilepsia 1983;24:482—93.
9. Currie S, Heathfield KWG, Henson RA, Scott SF. Clinical course
and prognosis of temporal lobe epilepsy. A survey of 666
patients. Brain 1971;94:173—90.
10. Williamson PD, Boon PA, Thadani VM, et al. Parietal lobe
epilepsy: diagnostic considerations and results of surgery.
Ann Neurol 1992;31:193.
11. Ludwig BI, Ajmone Marsan C. Clinical ictal patterns in epi-
leptic patients with occipital electroencephalographic foci.
Neurology 1975;25:463—71.
12. Penfield W, Jasper H. Epilepsy and the functional anatomy of
the human brain. Boston: Little, Brown; 1954.
13. Penfield W, Rasmussen T. The cerebral cortex of man: a
clinical study of localization of function. New York: The
Macmillan Company; 1957.
14. Penfield W, Boldrey E. Somatic motor and sensory represen-
tation in the cerebral cortex of man as studied by electrical
stimulation. Brain 1937;60:389—443.
15. Lu¨ders H, Lesser RP, Dinner DS, et al. The second sensory
area. Humans: evoked potential and electrical stimulation
studies. Ann Neurol 1985;17:177.
16. Fried I, Katz A, McCarthy G, et al. Functional organization of
human supplementary motor cortex studied by electrical
stimulation. J Neurosci 1991;11(11):3656.
17. Lim SH, Dinner DS, Pillay PK, et al. Functional anatomy of the
human supplementary sensorimotor area: results of extra-
operative electrical stimulation. Electroencephalogr Clin
Neurophysiol 1994;10:179—93.
18. Taylor A. Selected writings of John Hughlings Jackson. Lon-
don: Staples Press; 1958.
19. Penfield W, Welch K. The supplementary motor area of the
cerebral cortex: a clinical and experimental study. Arch
Neurol Psychiatry 1951;66:289—317.
20. Fincher Jr EF, Dowman CE. Epileptiform seizures of Jackso-
nian character. Analysis of one hundred and thirty cases. J Am
Med Assoc 1931;97:1375—81.
21. Lesser R, Lu¨ders H, Conomy J, Furlan A, Dinner D. Sensory
seizure mimicking a psychogenic seizure. Neurology 1983;
33:800—2.
22. Devinsky O, Kelley K, Porter RJ, et al. Clinical and electro-
encephalographic features simple partial seizures. Neurol-
ogy 1988;38:1347.23. Manford M, Fish DR, Shorvon SD. An analysis of clinical seizure
patterns and their localizing value in frontal and temporal
lobe epilepsies. Brain 1996;119:17.
24. Pandya DN, Barnes CL. Architecture and connections of the
frontal lobes. In: Perecman E, editor. The frontal lobes
revisited. New York: IRBN Press; 1987. p. 41—72.
25. Janszky J, Fogarasi A, Jokeit H, Ebner A. Lateralizing value of
unilateral motor and somatosensory manifestations in frontal
lobe seizures. Epilepsy Res 2001;43(2):125—33.
26. Kotagal P, Arunkumar G, Hammel J, Mascha E. Complex
partial seizures of frontal lobe onset statistical analysis of
ictal semiology. Seizure 2003;12(5):268—81.
27. Kotagal P. Psychomotor seizures: clinical and EEG findings.
In: Wyllie E, editor. The treatment of epilepsy: principles
and practice. Philadelphia: Lea & Fiebiger; 1993 . p. 378—
92.
28. Bossi L, Munari C, Stoffels C, et al. Somatomotor manifesta-
tions in temporal lobe seizures. Epilepsia 1984;25(1):70.
29. Garganis K, Papadimitriou C, Gymnopoulos K, Milonas J.
Pharyngeal dysesthesias as an aura in temporal lobe epilepsy
associated with amygdalar pathology. Epilepsia 2001;
42(4):565—71.
30. Young GB, Barr HWK, Blume WT. Painful epileptic seizures
involving the second sensory area. Ann Neurol 1986;19(4):
412.
31. Russel WR, Whitty CWM. Studies in traumatic epilepsy. Neu-
rol Neurosurg Psychiatry 1953;16:73.
32. Lende RA, Popp AJ. Sensory Jacksonian seizures. J Neurosurg
1976;44:706—11.
33. Sveinbjornsdottir S, Duncan JS. Parietal and occipital lobe
epilepsy: a review. Epilepsia 1993;34(3):493.
34. Daly DD. Ictal clinical manifestations of complex partial
seizures. Adv Neurol 1975;2:57—83.
35. Geier S, Bancaud J, Talairach J, et al. Ictal tonic postural
changes and automatisms of the upper limb during epileptic
parietal lobe discharges. Epilepsia 1977;18(4):517.
36. Trevathan E, Cascino GD. Partial epilepsy presenting as focal
paroxysmal pain. Neurology 1988;39:329.
37. Nair DR, Najm I, Bulacio J, Luders H. Painful auras in focal
epilepsy. Neurology 2001;57(4):700—2.
38. Jones EG, Powell T. Connexions of the somatic sensory cortex
of the rhesus monkey: I.–—Ipsilateral cortical connexions.
Brain 1969;92:477.
39. Yamamoto J, Ikeda A, Matsuhashi M, et al. Seizures arising
from the inferior parietal lobule can show ictal semiology of
the second sensory seizure. J Neurol Neurosurg Psychiatry
2003;74(3):367—9.
40. Morris HH, Dinner DS, Lu¨ders H, Wyllie E, Kramer H. Supple-
mentary motor seizures: clinical and electroencephalo-
graphic findings. Neurology 1988;38:1075—92.
41. Reutens D, Andermann F, Olivier A, Andermann E, Dubeau F.
Unusual features ofsupplementary sensorimotor area epi-
lepsy: cyclic pattern, unusual sensory aura, startle sensitiv-
ity, anoxic encephalopathy, and spontaneous remission. In:
Lu¨ders H, editor. Supplementary sensorimotor area. Phila-
delphia: Lippincott-Raven; 1996.
42. Bleasel A, Morris H. Epilepsy in adults. In: Lu¨ders H, editor.
Supplementary sensorimotor area. Philadelphia: Lippincot-
Raven; 1996.
43. Tuxhorn I. Clinical characteristics of somatosensory auras.
Epilepsia 1997;38(3):221.
44. Schulz R, Lu¨ders H, Tuxhorn I, Ebner A, Holthausen H, et al.
Localization of epileptic auras induced on stimulation by
subdural electrodes. Epilepsia 1997;38(12):1321—9.
45. Blume WT, Whiting SE, Girvin JP. Epilepsy surgery in the
posterior cortex. Ann Neurol 1991;29:638.
